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Pertmbationsolutiansofequatitms forlamlnarInccmgmessibleflow
Ina semiporouschannelm presented,andtheresultsarecomparedwith
thoseobtainedf&CXUa fullJporouschanuel.Thepertwbatlcmpammeter
measurestheamountofsuctimoriqlectlon(blowing]attheporous
I~; ~StttVe V81UeSdCSIOt8SUCtiO112and ?.le@iV73Vd.US d8ZIOt42blowing.

IntheSendpcmollschannel,uithagivenvalueofthepertwbatlon
P===+=,blmdngdecreasedthefrlctiauparame*attheporouswall
by25~ent, andSUCti04Uhreased tba - frictionP==e+=r w.~
~ent. hr bothSelUip~ aud ~ ~
the longitudinalMrecticwl

ckmlels~ the pxmsure in
decreasedforzero lmd blowingvaluesOftlle

Pf3rturwtmupammYkr. Sufflcien-klyMgh suctionvaluesresultedIn a ‘ -
pressurerlselnthefullypamuschannel.IHtherSuctlauorblowing
hasnumeinEMencecmthelocal Mmenslonlessvelocltyprofilesandthe
waufrictionpammterforthesendporousthanforthefiluyporous
channel.

Experimentalresultsforflowina rectmgularchannelwithillJec-
tionthroughaporouswallaregiveninreferencel.V&rlousporous
mles~~tdledti- l--jthe~ti= solld.b
* ~ts, c-* fi~ ~~ ~~ * @lec~~ of*
tbroughfieporouswiUmakked3yinfluencedtheshapeofthevelocity
~rO&M. Thefrictionattheporouswallwasobtained@ @-

!l!heflowwasdevelopedwitinoinjection,butnotdmeloped -
when&reuasflowthroughtheporouswall.Althoughadditionaltests
areindicated,Itappearsthatsaueothergeauetrymaybebettersuited
for~ ~~ ~s@P~oIL, ~ LUL~S IS~~ to@*
“theselectionof-we@metry.A si@&kanttur-t-fkm 8UE@BiS
=9@=s ~- ---- ~- - s-t> tit ~
flowqbe treatedtheoreticauy.Aspartaethestu@to@de future
~ts, laminarflowina semiporouschannelIsInvestigatedhere-
in.ResultBam Cqparedwlthsimihmresultslnafullyporouschannel.

.— -- . ...— — ——- -— --
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suchanInvesttgitlonhasintrindcyalue.Wheretheflowis re- ‘
stricted~the~tycxl? boundingwalls}it fsUsin thecategogof
eitherchannelor pipe ~cmetrg.- SuchflowandgeonwtryarefoundInside
bodiesmchasturbinabladesandtheskinsofhigh-speedmissileswhose
waUtemperaturesarereducedw thetranspiration-coolingprocess.
AnotherappllcatlmisfortheegplpmentusedInthesepamtlmofiso-
topesbythegaseousdiffusionprocess.The-sent studyshouldbeal?
interestintheseappMcations.

Iamhumflowinachannelwithf’uUyporouswallswasstudiedana-
WUm===(=f.z)= am*mua~w-
uasccmsidered,resultsq becalculatedreadilyfor~ectionthrough
thewall.Beforethe@MIUrtkmC&referente2,Bemanpolntedoutthe
dmila’i~betweelltheflowsinporousandsendporouschmnels(ref.3).
5e solution,however,wasnotghmlfortheSemipmouschannel.
Eezmsn’sresultsforthefunyporouschaunel,obtainedbyfirst-order
=tiha~m:lutim and,therefore,valldforcmlysmallsuctionor

extmdedtolargevaluesofsuctionbySellars(ref.4).1

InthepresentInvestigation,a third-orderperturbationsolution -
forlamlnarIncompressibleflctwina semlporouschannelis presented.
!l!wo-dimnsionalfluwIsconsidered.Velocltydistributlans,Waulfrlc- J
tion,and~SSUre drqP are 0btd3Ed fkm the SdUtiOllforbothsuction
andbluwlngthrou@theporouswall.A second-mderperturbationsolu-
tiomiS dSO obtainedforthe~ pOI’OUSchannelforCaqparlsorlwith
resultsfmmltheSemlpm’ouschannel.

A,B constantscd?integration(eqs.(12)and(Al))

f frictioncoefficient,p
(7/
~ w +-2(4

g ~*SS ~ functkll(q. (6))

g:::”>first,seccmd,andtblrdderivativesof g withrespectto A
g

L

lAdlfferentstudyoftheflowlna~pomus channelulthlarge
SUCtiOllhas beenreparkdrecentlyinanartlcl.e~ S.W.Yuan,entitled
‘mmtherInvestlgatioIlofIandnarFlowinmanualswithPorousWalM.”

J

Jour.&@. ~S., VO1. 27,no.3,Mar.1956,~. 267-269.
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Ch8nnel height

staticpressure

pressure-changepsmmterInx-dlrectlcm(eqs.(27)and(A7))

pressure-changeparsmeteriny-dlreclzhm(eqs.(28)and(M])

main-flowReynoMsrnmiber,@x)h/v -

main-flowReynoldsnuniber,21i(0)h/v

Wallmynoldsnuniberforfmyporous. Chmnel,v#v

wallI@moldsnuliberforSemlpmxnlschannel,v#/2v

veloci*defYnedlweq.(7)

fluidveloclty~to-

fluidvelocltynommltowall

chanuelwidth(fig.1)

distanceinImlI1-flawdirectiull

distanceInnomalflowdirection

nmmnEm8toTlelstreamfw.lctionforfullyporouschannel

fIrst,second,endtMrdderivativesof I’withrespectto A

UOndiIU81Mitinomeldistancefor~ pcK’ouschmnel,2y@

ImmmensiczlalIlormeldlsta?lceforSelldporousCknuel,yh
ViSCOSityOffluid

~tiC tiSCOSi@Offltid,P/P

densttyoffluld

shesrstress

streamfunctian

.
. . . ---- —.- - —.- -
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aibscripts:

b bottmwall

m -~~

m Sendporous channel

t topwall

w

x X-airactlcm

Y y-direction

-@m:
averagevalues

Iamlnar-FlowEquatlona

Adsatchof thegemetryandflovsystenfor thesemlporouschannel
isgimllinfi

r
~~t~1. mar Sthatof

BermEm(ref.2.Thechannelwidthis assmed much greaterthan the
~ kL@t; ~ore> only two-dimensionalflowneedbecmsidered.
Thekvler-Stokesegpaticmsfortwo-dimensionalsteady-stateinc s-

Tsiblelamiurflowneglectingbodyforcesare(e.g.,ref.5,p. 48

andthecontinuityequationis
alar-&+-&=o

(1)

(2)

!/i

.-.

.
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Thabomdaryconditions@posedml

D 5

thesystemare

U=o; v=o(solidudl),

constant )Y=o

y=h
(4)

(PamH@,u=o;v=vw=
.

balsformatlculof Equations

egpations(1)and(2)is

L=g

Thetransfonuationof
use at thestibstituticms

accm@iahsdbythe

(5)

.

(6)

(7)

andii(0)istheaverageveloci~at x = O. Sinceg = g(~)*, *
3 Ku.lbecmdttsdhemd%er.

Thecomtinui~equation(3)Issatisfiedbythestreamfunction?,
since

lay -
“ ‘= Eax=u@

V“-E=V*}
(8)

Useofequations(1),(2),and(4)to(8)yields
*

,.
(9)

and”

(10)

.
..—. —.— .— .. —-. -.. .
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Shcelk_ri@tsideofegpatlcm(lo)isafunctionof X only
‘

(VW= Comtmt) ,

&a =0

,

(U)

Since ii+ O,cm
andintegrating,

dlfferentia-Mng withrespectto X,usingequation(n>,
equatian(9)becanes

(lq

Theb~ conditions(eqs.(4))beccnue

A= 0(6didWSll)#gs=Ojg=0

}

A
(14)

X=l[~Wd.l], g’=Ojg ‘1 h

Egpations (12) to (14),Inthepresentnotation,-e identicaltothose
glmninreference3.

solutionC&Equation

ForsmaUvaluesof R%,~, thepertqbationsolu.ticmofequatlau
(12)Isobtainedby~ g -A near~,m=O:

6=go+@%,~+@&p++,~ ‘“”” (M)

A= AO+&%,m+t i,sp+A&,sp ‘“”” (16)

S*stitnU eqpatlcms(15)and(16)intoecnzation(I@andequating
Jlkepowers-cd-~,w ‘fi&lll - - -

,,, @“=Ao
% ‘%+%%-%2.

ltl=A#2#4jq+@+
%

“’”%5-%%+W2W+%

(17)

(M)

%4 (19)

%% -%2 . (20)

—. . . . ---- .
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mibjecttob~ ditions

for X= O(soMdwall),g&O;& =0

}
(Zlj

for k=l(pomuswall),g&==o;@ =1, ~=o

Useofequations(15)to(21)yieldsthethird-m solutlonof
egpation(12):

g=3#- %213++ (-UA2+ 27A3

e,m
4,527,6~(-5,327X2-41,00613+

99,792A7- 24,25518+ 21.,560X9-

- 21A5+ 14X6-4A7)+

206,976A5- 243,62816+

17,248P+ 3,136dq+

4,SP
1,765,764,000(480,343k2-796,742A3- 2,659,566X5+ 6,U9,916A6-

4,666,740k7+ 2,162,160A8-

2,255,526AU+ 1,729,455X12

2,902,900X9+ 3,107,104#0-

-1,234,800s3+ 446,880#-59,584P)

(22]

Absolutecomergmcecd?theseries@mu by
notbeenfmud. Theperturbatimsolution,

398,3n 3
-147,147,m0~)m (23)

eqpations(22)and(23)has -
however,iSccmmaredtitha

numericalsolutionof-eqpatlca(12)inthe-section&curacy_-of Results.

Fonuula’s forVelocity,Pressure,andPkktion

Theaweragevelocity atan x locatiomisgivenby

.

---- .—. — --- .— -— -
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Useofequations(6)to(8),(13),and(14)showsthat

[ -%a’=’q-w)n=m(x) =Ti(o) 1

~ fromequations(8),(24),and(22),

348,2722?-97,020A7+ 97,020X!3-86,24019+ 17,248X1”)+

39,899,4961!5- 32,667,1QOA6+ 17,297,280X7 - 26,1.26, M)OX8

(24)

+’

+=

31,071,040i!-

6,256,320#3-

Theveloci~ratio@van
andposltlon1 butmt
tobedevelopeil.

24,810,786#0+ 20,753,460XU-16,052,400#+

893,760X14) (25)

h equation(25)isafumtlononlyof Rew,~
posttlonx. 5s, theflowq beconsidered

I ( *-9 ’26)P(+x) =P(”)o)+~ fi(o)x[l-& + v &

TbepressurechaugeInthex-directlonmaythenbefound.fromequations
(26)and(23):

—. -—— . ..-. .-.
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796,742
147,147,0004,J~-*) - (=) ,

NotethatX &esnotappearontherightsideofequation(27).This
Isa consequenceaEequation(U.)andresultsfromtheassumptionofa
constmtVw. Slmikr~,thepressurechangeinthey-&mctlonIs

4
“*G%J2=e-g2

= p(l,x)-p(o,x)p(Ax)-
Y2m- ~ Pv:

(26)
TheShearstressisfjtmby

‘wf.—
+ pii2(x)

(29)

(30)

Usingequations(25),(29),and(30),thefrictionfortheporouswall

4,Sp
(31)

(!l?bnegattve sign qpears because y increasesastheporouswallis
appmackd)aud,farthesolidwall,as

(32)

whereRe= 2ii(x)~V= .

.
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Tn orderto estimstethe accuracyof the solutionforthe~
porouschannel,theresultsfromtheperturbationsolution- Coqp=ed #
withthe=sultsfkoma~cal solutionh tdbl.eI. Thecoqpdson
Ismadefor ~,a = -4.0.

I@latlon(12)wassol- numericallybydeskccmgutationusingthe
methodof Pi- (ref.6,ch.XI).The~stic valuesneces8ary
fornumericalimkgrationofequation(1.2)- g“(0)-* A. TheInitial
guessesfor*se valueswek _ fromtheperturbationsolution.Suc-
cessivetrialsflnsJdygawethenumericalresultsllstedIntdble1. As
iscustomsryinproblemsofthis@pe,g“(0)andA mustbeobtained
mre accuratelythangi foragivenaccuracyin g!.

@wf=i- of * numerical. and.perturbation solutionsshowsthst
g“(0) from the thhd-order perturbationsolutlonis accurateto within
0.13p~CeUtJand g“(l) iS accurateto within0.4percent.(ItiS
assumedthat the numericalsolutionis correct.) Thls Mff&xmce Is
expectedf%omequations
percent. Fbrval.uesof
tiondmld beaccurate

(31)and(32).A isaccuratetowl.thinO.(X)6 “
IX,sp~ 4,* --O* PertKdX3tionsohl-

to Within0.1percent. b

Immfr!sAm D18cumIoM

!l!heeffectsofflowthroughaporouswallarepretidanddl.s-
cussedfbrSemiporousanafullyporousoknnels. ThetlXlrd-ordEmsolu-
ttonfortiesendporouschannelIsgivenintheAIUIXSISsectton;the
second-ordersolutionforafullyporouschannelIsglvmintheqpndlx.
Someofthep-ti resultsofthesesolutlonsarellstedIntdbleII
fordifferentvalue8of ~,~.

velocityProfiles

~ (Qe~id OCC- for k, ~< O ~ iS* quaMktiveI.y
infigure1;suctionoccursfor ~,_> O. PositivevalIu9sof q, ~ d

place limitson x/R@ . Thesellmitssze obtainedby setting
u(x) = o. Then,ftmmequations(24)and(A6a),sinceE(O)# O,

-- .- .-
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for theSendporouschannel,Sna

(33)

(34)

h
. .

I
forthe~ porouscharnel.~ ~,~l>o~ tkz’aisa gream
effectof +, q onthelocalvelocltyratiointhesemlpmmuschannel
tkllnthefllUyprouschEmnel.Thls~be seenby~ing both
partsoffigure2(a).

Althoughu/Tu(x)isnota functionof x,theveloci@ratio@(O)
Isrelatedto x. Rmm equatdons(24)and (25),

Ad

3f. *+*)., (35)

y
l-l and,fromequations(M),0 “

(=)

Thesevelocityratiosare givenin
T

2(b)for~ =o}4#and
-4WlthltledimensionlessdistanceRe@ as~td? !Chegrowth
(Rew,~ = -4)~ re~ttin (~,~ = 4)ottheveloci~ratio@(o)
areevident.ThesevelocityrtilosareinfluencedmrebywallReynolds
nuuiberlnthe~poroua dhannelthanh theSemiporousOhaJmel.

Ibtethat,foraglvenvalueof ~,a, thegeneralshapeal?-
c-is~,even-@- maximumvaluesaredlffcnwxt(fig.
2(b)). Inaporouschanuelitisevidentthatfullydevelopedflowde-
-a bYthevd.ocitYinvariablewithflaw&bectioncannotbeachimd.-
But,iffdd.yikve~edflowiSdefinedasa constantvalueof
U(X,l)fi(x)forincreasingflowdlrectlon(withA fixed),thenthere
iSObkilled~~ ~ deveb@if’10WillboththeSeld~rOUSti
fullyporouschannelswhenthesuctionReynoldsnuniberisfixed(cf.,

4 eq.(25)andfigs.2(a)and(b)).

PressureDistributions

Thedlmendonlesspressure~ in the y-Lmecti&l* is
presentedinfigure5. Theseresults- obtAnedbyusepfequations
(28)and(A6).!l!h&reismpressurechangeacrossthechannel-We

.

-—...- —.-. -.
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ualJ.s&msomL(vw” o).

[
Inflgure3a),whenthereissuction,the *

pressurepSrsmeter* (andhencep y,x))isM@er thanattheSolld
walloverllmtiofthe~l. M Injection(blowlng),thepressureIn
thechannelIs-S lessthanatthesolldwall.Foreitherlargesue- W
talonorinjectton,~, ~ _ dmzYsbeleSS~ attheSO~ ~=
Thlsw bewenbylettlng~,w ~UIinequation(28);since& is
E&m positive,@y,Qp - ~ qti= ●

Thepressure-dlamge~ @y,fp (~= 3(b))isrefceeetito
thepressureatthecenterofthecbanuel.lTegativevaluesof
+,sp = ~,fp res~tfiw~~- -s of *~. Againitis
foundthat,foreither=ge suctionorlnJection~thepressurep~ter
willbenegativeover43Mfullcharnel,=ceptatthecenterwhereitis
zero.Su& a solutionisgivenbySel18rs(ref.4).

Theresultsfiflgure3~ beusedtoestimatethe
dropacrossthechannel.Equations(28)- (M)q ~

Static-pressure
expressedas

8

h

- * is@mti~3” Useofthisequationandfigure3 shows
that,when* islarge,~,

?’
ismuall,andviceversa.Hence,for

theusualvalueof q ~/ReoSW 0.01),thepressure- -ss *
chaunelcmmssection&ouldbesmallmmpsredwiththeIuletdynamichead

&~~~ ~~x)) .&n thereiSb-.
sswechangeisalsosmallcomparedwiththelocal

withSuction,however,the
change~ noth smallwqparedwiththelmal-C head,especlalJy
forlsmgex/Re@ (~ (X/%)max)~

Thepressure-chaugeparamtaIntheX-dtrectlon* isgivenIn
figure4for 0s x/(Re&)SOO~andinfigure5 for O=x/(Re@)50.035.
I& boththesemlporous- fullyporouschannelsthesefiguresindicate
tkt ~ dea=s for~, ~SO (b=) ● ~n ~, E@ o)~-
ever,theanalyslsIndicatesapressureriseA%> O In@e fuldyporous
channelfor sufficiently~ -s “of %, ~ (a s~~ res~t -s
notedinref.3).Thesam sltuatlonshouldobtainM sol.utlonsfor
- ~ues of %,~ - ~b~ f’=- -Poro~ ~1” ~ m
QMnationforthis~ssurerisemaybeasfolluwe:

Whensolvedfarthepressuregradient,aum~um balancefora unit u
widthofa chemnelyields

(37)

—..
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Thewallshe=fiessesonthetopandbottomwalls- positiveandof
the_ orderofmagnitude.Whenthereisfluid~ection,themmentum
integralImreasesinflowdlreCtiOnjtherefore,thepressuregradient
decreasesh flowdirection.Fortheiqerme&blechannelwithfully
developedflow,themnuentumintegraldoesnotchangeinflowdirection,
sothatthepressuregradientisstillnegative.withfluidsuction,
holmer,theIEkgraltermisnegative.E thesuctionissufficiently
Wge, theintegraltermovercomesthe*terms smdapressurerise
results(4X >O).

I%iction“

Theeffectsonthefrictionparameterofflowthrou@thewallsof
a chaunelarepesentedInfigure6. lhefrictionparameterisgivenfor
boththeSemiporousd ~ porousChamnelsfor -4sq,@4. m
frictionparsmet=at ~, ~ = O iswellestablished(ref.7,p.309;
ref.8,p.51).Sincethereisa differentboq conditionateach
wallInequation(12),theeffectsoftheflowthroughthewallare~-
ferentateachwallofthesemiporouschsnuel.Atthesolidwall,blowing
increasesthefrictionp~terj atthepOrOUS~, b- *-s
thefrictionparame~(flg.6).TheMctionparamstersattheporous
wallforthesemd.paouschannelfor Rew,~= 4 andRew,~= -4 are
50p=centaboveand25percentbelow,respectively,thatofaniqemM-
ablewall.Corre~ndingnunib=sforthefullyporouschannelsre7and
4.4percent.

Tthefriction~t= fRe/8isnotafunctionof x
(e.g.~~ 31)),thefrictioncoefficientf isrelatedto x,since
Re= m(x) v. Theaveragevelocityii(x)ishere byblowingand
decreasedbysuction.TheeffectsofvariationsinthewallReymlds
-= ~, ~s ~efores = greateronthefrictioncoefficientf
thanonthefrictionparameterfRe/8.

SUMMARYOFRESULTS

AnalyticalsolutionsforIncolqpressiblelsminarflowiua semiporous
Chanuelhavebeenpresarkd.A p-urbationmethodwasusedtoobtain
thesolutions.Resultswerecoqaredwiththoseforaful~porous
channel.Som oftheprincipalresultsareasfollows:

1. Eithersuctionorblowlngismre influentialonthewallfkic-
tion~ter forthesemiporousthanforthe~ porouschannel.For
wallReynoldsnunibers& 4 and-4,thefrictionpxmmeterattheporous
wallofthesemiporouschanuelisincreasedby50p=centanddecreased
by25percent,respectively,fromthevaluefor~ermedblechannels.

— - . ..— —.— . . —..- . .
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h thesemlporouschannel,blowingdiminishesthefrictionpameterat
theporouswallauaincrewesItatthesolldwall;suctionattheporous
wallactsconversely.Thefklctloncoefficientbehavessimilarly. w

2.5e pressureinthelnngitudbilGction decreasesforzero
aM forblowingvaluesoftbswallReynoldsnunibm.Thispressuredrop
occurs131boththesemlporousallafuldyporouschannels.A pressureh
creasewasfoundforhighersuctionvaluesh thefu13yporouschsnnel
andIsInMcateafortheSemiporouschannel.

3.m boththeElem@rousandfuldyporouschannels,thepressure
-mssa~

6m
issmallcoqp-edwtththeinletdynamichead.

~ ~ti ~ 10Cd.-C head,thechangeissmallforinjection
butmaynotbesmsllforblowingatlargevaluesofthedimenslmiless
distanceX&$l.

4.Ebra givenvalueofthe-Reynolds nuniber,thelacalveloci~
ratiosarechangedmoreh thesemiporousthanthefu13yporouschannel.
Theveloci~ratiobuiltwithInktvelocityactsconverse~.

LewisIli.ght PropulsionLdboratmry
NationalAdvisoryConmdtteeforAeronautics

~, Ohio,April25,1956

. .
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w

Theequationfor
(12)fora semiporous
notation,

t
a

where

‘\ .

-~RMIIASK)RAIUIJXFOROUSCEAHIEL

8nmllSuctionor~ectlon

afullypmouschannelcorrespondhgtoequation
channeliBglveninrEd?erence2as,inthepres81rt

%r,fp@2-rm+r’” ‘B .

*.+; r= I’(A),A=2y/h-,fP = 2V
)

y being measurednow from ddcknnel (fig.2(a)),sincethe flow is
_~@. smut -s pk. Bountkymndltlons-

A-()

Anl

The zero-andfirst-order

(ti~l), r= o;r“s o

(~O~~),r=~r’=o

soltilonsfromreference2are

aratha

“subject

“

,

(Al)

(A2)

(M)

.. .. —-— -— .— — ———- --
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3Hegratlon of the equationfor r~~t anduaeofequation(Al.)yield

rs rO+ rlww,~ +‘%,~ =$ (3A-A3)+~

& (-4,92M+ 6,132A3+ 1,386A7
#

(M3. 2A-A7)+

-2,695A9+ 98#)

(A4)

-* ~,fll(*)

m

u“

150m theserelations,the veloci@,pressurechange,andfriction
~ be obtainedinthesazmmanuer as for the SemlporousCbanuel:

&
~(~-A2)+~(9$-2-7d6)+~r#=-

* (4,921+1.8,396A2+ 9,702A6-24,255A8+ 1,078AM)
a

(M) o

(Ii(x)= u(o) 1 - E5gDJ (A6a)

**,Q “ p
(x,x,)- p(o,~

+ ma(o)
l=.__&!a#,o, -q =@-&+%,ti-
1,872 2

X13,475*#m 7
1-4* (A7)

(M)

(M)

— -. ----- —. ---- ------- .
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TABLEI.-COME! OF~ON AKDNUMERICAL

80111!l!IOH8OFEMIXl!Ia(12)m ~,~ = -4.0.

Pertmbation Mmlerical
(~-’ s method)

7.756 g“(o) 7.747
-21.953 A -21.955
-4.508 g*(1) -4.525
0

[
g o) o

1.000 g1) 1.000
“tg x 8’

0 0 0
0.360 .05 ●367
.667 ●lo .671 -
1.125 .20 1.129
1.397 .30 1.400
1.509 “.40 1.513.
.1.486 .50 1.488
1.351 .60 1.351
1.121 .70 1.120
.810 .80 .808
.431 .80 .431
.221 .95 .2a
o 1.00 0

TAEmII. -V. FORU6EI EF!RIC!CIOMAIVD

PRmmRE-cEAmEREL4!mam

iml Reynolds 8endpmmEl channel=l-U
tllmiber,

%, ~ -g;(l)+ ~ -r’’(l)-B

4 4.623 2.084 3.7863.ZLO”-1.559
3 4.1.032.312 5.6203.1.51.432
2 3.6652.540 7.6103.095 .703
1 3.3002.771 9.7423.0451.647
0 3 3 12 3 3
-1 2.7553.227 14.37 2.9604.lH
-2 2s54 3.45016.82 2.9245.332
-3 2.3913.668 19.36 2.8936.51.0
-4 2.2543.878 21.95 2.8687.698

t
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a
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u >>h
Vw= Conetent
A-y/h .
Rew,ep“ v+

Velacity,-R~,~

-l=- ~ andflowTtlSemipmmus Chemlel.
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